INTRODUCTION
============

It has long been recognized that insulin resistance syndrome (IRS) encompasses insulin resistance, hyperinsulinemia, hypertension, dyslipidemia, diabetes, impaired glucose intolerance, and obesity. Reaven ([@B1]) designated this clinical syndrome as \"Syndrome X\" in 1988. More recently, it has been called \"metabolic syndrome\", \"plurimetabolic syndrome\", \"dysmetabolic syndrome\", \"deadly quartet\", or \"major cardiovascular risk factor syndrome\" ([@B2]), with concomitant difficulties for standardized studies because of unclear diagnostic criteria ([@B3]). Since the causes of insulin resistance had not yet been identified, in 1998, the WHO named this disease entity \"metabolic syndrome\" rather than \"insulin resistance syndrome\" and suggested diagnostic criteria including hypertension, dyslipidemia, obesity, microproteinuria, diabetes, or impaired glucose intolerance as components ([@B4]). Actually, these diagnostic criteria generally were not available due to the limitations of diagnostic procedures such as the measurement of microproteinuria, which required a 24 hr time period to obtain results. The Adult Treatment Panel (ATP) report of the National Cholesterol Education Program (NCEP) suggested new diagnostic criteria in 2001 ([@B5]). In this report, the components and criteria were set up more succinctly than those of the WHO. In 2002, the American College of Endocrinology/American Association of Clinical Endocrinologists (ACE/AACE) suggested new diagnostic criteria for metabolic syndrome that highlighted the role of insulin resistance ([@B6]). These clinical diagnostic criteria were simplified to be applied more easily.

In the San Antonio Study ([@B7]), which is the representative epidemiological study that supports the concept of IRS, the prevalence of obesity, type 2 diabetes, impaired glucose intolerance, hypertension, hypertriglyceridemia, and hypercholesterolemia among 2,930 people was investigated. Among the 2,930 participants, results obtained from 1,881 (64%) people who had at least one disease showed that the insulin concentration in serum, both fasting and after glucose tolerance, was positively associated with body mass index (BMI), systolic and diastolic pressure, and the concentration of both triglyceride and total cholesterol in serum. Furthermore, serum insulin was positively associated with the concentration of low high-density lipoprotein (HDL) cholesterol. From these data, it was concluded that these diseases were significantly correlated with both fasting and post-prandial insulin concentration in serum, due to the strong association between hyperinsulinemia and insulin resistance.

IRS, which causes serious clinical manifestations and is associated with cardiovascular disease and type 2 diabetes, is remarkable not only in the fields of endocrinology and cardiology, but also is becoming one of the most important problems in public health. It was estimated that IRS in populations with risk factors of cardiovascular disease will increase gradually with expansion of the obese population in the future. There were no researches that applied the renewed diagnostic criteria of the ACE/AACE, and it was difficult to find a study of the incidence of IRS in Korea.

Therefore, we determined the incidence of IRS based on the diagnostic criteria of the ACE/AACE and the risk factors that influence its development.

MATERIALS AND METHODS
=====================

Subjects
--------

KHNP cohort (Korea Hydro & Nuclear Power workplace-based cohort) inspected workers working for nuclear power plants. The workers were taken health check-up annually. The aim of this survey is to investigate the impact of the exposure of low-dose radiation on employees\' health status.

Blood samples for biochemical analysis and blood pressure data were collected from March to July in 2002. Subjects included 5,988 male workers working for hydroelectric and nuclear power plant. The Korea Hydro & Nuclear Power company is an electric power company. It is located at Kori, Yonggwang, Ulchin, Wolsong, and Seoul in Korea. Of these subjects, 2,048 (34.2%) who had no history or drug treatment for hypertension, diabetes, or dyslipidemia, and had normal findings according to diagnostic criteria of the ACE/AACE were investigated prospectively for two years; data were collated from the 1,578 (26.4%) subjects that completed the follow-up. Written informed consent was obtained from all subjects.

Data collection and definition of terms
---------------------------------------

Data collection was carried out using self-reported questionnaires in 2002 and 2004. Information on lifestyle such as drinking, smoking, physical activity (frequency of exercising more than 30 min a week), and history of diseases (hypertension, diabetes, stroke, and heart disease) was collected.

Subjects who drank two or more times per week were regarded as heavy drinkers. The smoking status was classified into non-smoking group, ex-smoking group, and current smoking group. Subjects were also classified into exercise group and non-exercise group according to whether or not they exercised three times a week regularly. Height and weight were measured by autoanalyzer (Health Guard, Fanics, Seoul, Korea). In 2002, waist-to-hip ratios were measured using the Inbody 3.0 device (Biospace Co., Ltd, Seoul, Korea), and fasting glucose level, lipid profile (total cholesterol, HDL cholesterol, and low-density lipoprotein \[LDL\] cholesterol), liver function test (aspartate transterase \[AST\], alanine transferase \[ALT\], gamma-glutamyl transferase \[γ-GT\]), HBsAg, HBsAb, and AntiHCV after fasting, were determined. The triglyceride level was calculated as follows: triglyceride value=5 (total cholesterol value HDL cholesterol value-LDL cholesterol value). Serum insulin was measured in 2004.

The Inbody 3.0 device is an eight-point tactile-electrode impedance method used for total body assessment. Waist-to-hip ratios were calculated using the impedance index and regression equation. BMI was calculated by dividing the weight by square of height. BMI was grouped as \<25 kg/m^2^, 25 kg/m^2^ ≤BMI \<30 kg/m^2^, and \>30 kg/m^2^; waist-to-hip ratios (WHRs) were grouped as \<0.9 and ≥0.9. The fasting blood level was analyzed by glucose-oxidase assay using an autochemistry analyzer. To determine the lipid profile, total cholesterol was analyzed by enzyme assay using COD, HDL cholesterol by glycerol phosphate oxidase assay, LDL cholesterol by direct surfactant assay, and AST, ALT, and γ-GT by spectrophotometry using an autochemistry analyzer. The definition of IRS was based on the recent clinical diagnostic criteria suggested by the ACE/AACE.

Statistical analysis
--------------------

We estimated the annual incidence of IRS by 2-yr follow-up among the 1,578 workers that completed the study and who were normal in the first screening. To identify the risk factors that affect the development of insulin resistance syndrome, chi-square tests to explore the association between categorical variables were employed. Multiple logistic regression analysis was used to test independent variables that were considered as significant relevant factors after univariate analysis. Associations were considered statistically significant at the *p*\<0.05 level. The SAS 8.1 statistical software package was used for statistical analysis.

RESULTS
=======

Incidence and risk factors of IRS
---------------------------------

The prevalence of insulin resistance syndrome calculated from the data was 6.9 per 100 persons/year, meaning that 218 out of the 1,578 subjects who completed the two year follow-up developed insulin resistance syndrome. After adjusting the age of the male population in 2004, the adjusted incidence was 6.7 per 100 persons/year. Stratification of data according to age groups 20-29, 30-39, 40-49 and 50-59 revealed incidences of 4.6, 6.2, 9.0, and 6.6 per 100 persons/year; thus, the relative risk (RR) of 1.95 (95% CI 1.10-3.46) for the 40-49 yr-old age group compared to the 20-29 yr-old age group was statistically significant. According to the BMI distribution, the incidence of IRS in the group with a BMI less than 25 kg/m^2^ was 5.5 compared to 10.9 per 100 persons/year for the group with a BMI ≥25 kg/m^2^. For the group in which the WHR was less than 0.9, the incidence was 5.9 per 100 persons/year, whereas it was 12.7 per 100 persons/year in the group of which waist-to-hip ratio was 0.9 or higher. The RR, calculated using the obesity index-BMI versus the WHR, was 1.98 (95% CI, 1.55-2.53) and 2.13 (95% CI, 1.64-2.77), respectively, and differences between all groups were statistically significant.

The incidence of IRS was 5.3 per 100 persons/year in the non-smoking group, 6.9 per 100 persons/year in ex-smoking group, and 8.3 per 100 persons/year in current smoking group, showing that the RR of the smoking group compared to the non-smoking group was 1.56 (95% CI 1.11-2.19). The incidence of IRS in the group in which people drank less than twice a week was 6.6 vs. 7.9 per 100 persons/year for the group that drank twice or more a week; this difference was not statistically significant. For the group that exercised three times or more a week regularly, the incidence was 6.9 vs. 7.0 per 100 persons/year in the group of which people did not exercise regularly, showing no difference.

The incidence of IRS for the normal-AST group was 6.8 vs. the abnormal-AST group was 9.4 per 100 persons/year, revealing a slight, but not significant increase in incidence for the abnormal group. The incidence for the normal-ALT group was 5.8, whereas that for the abnormal-ALT group was 10.8 per 100 persons/year. The group with normal γ-GT showed an incidence of 6.1 vs. 17.3 per 100 persons/year with abnormal γ-GT. The RR for the abnormal-ALT group and the γ-GT-abnormal group were 1.87 (95% CI, 1.45-2.41) and 2.84 (95% CI, 2.12-3.77), respectively, and these differences were statistically significant. The incidence for the groups in which total cholesterol was \<200 mg/dL, 200 mg/dL ≤total cholesterol \<240 mg/dL, and ≥240 mg/dL were 6.4, 8.2, and 15.8, respectively, per 100 persons/year, showing that the RR for the group in which total cholesterol was ≥240 mg/dL was 2.46 (95% CI, 1.25-4.85) compared to the group in which total cholesterol was \<200 mg/dL. The incidence in the group of which LDL cholesterol was less than 130 mg/dL was 6.0 compared to 8.6 per 100 persons/year in the group in which that was 130 mg/dL or higher but lower than 160 mg/dL, and 28.4 per 100 persons/year in the group of which that was 160 mg/dL or higher. The RR for the second group above was 1.44 (95% CI, 1.06-1.95), and that for the third group above 4.74 (95% CI, 3.47-6.56), compared to the first group ([Table 1](#T1){ref-type="table"}).

Logistic regression analysis of risk factors for the development of IRS
-----------------------------------------------------------------------

Multiple logistic regression analysis of the 1,578 subjects was carried out to determine the risk for development of IRS, after the effect of each risk factor was adjusted. The dependent variable was whether insulin resistance syndrome developed or not, and the independent variables were the candidate risk factors. For independent variables, those that showed a statistical significance on univariate analysis were selected to establish the model. For independent variables, we adopted WHR, LDL cholesterol, and ALT. The reference lines to categorize normal group and abnormal group were WHR 0.9, LDL cholesterol 160 mg/dL, and ALT 35 IU/L. RR for the development of IRS due to age was 1.03 (95% CI 1.00-1.05) and increased as age increased by one year increments. The RR of 1.74 (95% CI 1.17-2.58) for the group with WHR of 0.9 or higher was increased compared to the group with WHR was lower than 0.9. RR of 1.63 (95% CI 1.09-2.42) for current smoking group also was increased compared to the non-smoking group, but the difference was not statistically significant. RR of 1.70 (95% CI 1.20-2.41) for normal- ALT group was increased compared to the abnormal-ALT group, and the RR of 1.70 (95% CI 1.19-2.44) for the high LDL cholesterol group was increased compared to the to the LDL cholesterol-normal group, revealing that age, abdominal obesity, smoking, ALT abnormality, and high LDL cholesterol were risk factors that affected the development of IRS, even if other factors were excluded ([Table 2](#T2){ref-type="table"})

DISCUSSION
==========

Age, smoking, hypertension, high LDL cholesterol, low HDL cholesterol, high blood sugar, lack of physical activity, and blood coagulation times are known risk factors for cardiovascular disease ([@B8]). The combination of these factors in an individual ([@B1], [@B2]) and the decline of glucose metabolism are recognized as the basis of IRS ([@B9]). Specifically, the ACE/AACE stated in 2003 that IRS was a clinical result of insulin resistance and its compensatory mechanism.

In this study, the age-adjusted annual incidence was 6.7 per 100 persons, which is considered to be relatively high. The age group 20-29 showed the lowest incidence of 4.6 per 100 persons/year, while the age group 40-49 showed the highest incidence of 9.0 per 100 persons/year. However, the incidence in the age group 50-59 had decreased to 6.6 per 100 persons/year. The reasons for the decrease in incidence for this age group are thought to be as follows: 1) the number of subjects who were in their 50s was small, and 2) people in their 50s who were found to have IRS at the insulin resistance syndrome screening test had demonstrated evidence of IRS earlier in life. The RR for the 40-49 age group compared to the 20-29 age group was 1.95 (95% CI 1.10-3.46). Thus, the RR in the logistic regression analysis was increased 1.03 times (95% CI 1.00-1.05) with age, with every one-year increase.

The environmental factors involved in the development of IRS include mental stress, lack of exercise, and visceral obesity in addition to age as mentioned above ([@B10]). WHR, smoking, LDL cholesterol and abnormal ALT showed significant association with IRS, after adjusting for several relevant factors in this study as well as in a previous study ([@B11]).

It is well known that obesity is closely associated with IRS, and that the accumulation of visceral fat correlates with the development of IRS. With regard to the correlation between IRS and WHR, which is the index of abdominal obesity, had a more significant correlation than BMI ([@B12]). Heo and colleagues ([@B13]) reported that there was a significant correlation between visceral fat area measured by computerized axial tomography and insulin sensitivity. In this study, the RR for the abdominal obesity group in which WHR was 0.9 or higher was 2.13 (95% CI, 1.64-2.77), showing a significant association with IRS development.

It is known that both obesity and lack of physical activity account for about 25% of the cause of insulin resistance ([@B10]). The amount of physical activity is known to be closely related to insulin sensitivity, and maximum oxygen consumption is a factor that determines about 25% of insulin sensitivity in normal adults without type 2 diabetes ([@B14]). In this study, there was no significant difference in the incidence of IRS between the regular exercise group (exercised three or more times a week for 30 or more minutes at each time) and the non-regular exercise group, but the insulin concentration in blood after one year in the regular exercise was statistically significant lower than that of the non-regular exercise group (regular exercise group: 6.11±4.49 µIU/mL, non-regular exercise group: 6.90±6.77 µIU/mL *p*\<0.05). In this study, the RR of insulin resistance syndrome for the smoking group was 1.56 (95% CI, 1.11-2.19). After other risk factors were adjusted, the RR was 1.63 (95% CI, 1.09-2.42). Moreover, insulin concentrations in the plasma of the smoking group were statistically significantly higher than in the non-smoking group in this study (smoking group: 7.03±6.94 µIU/mL, non-smoking group: 6.38±6.04 µIU/mL, *p*\<0.05).

Godsland and colleagues ([@B15]) reported that insulin resistance is caused by the acute effect of smoking in the case of current smokers. The RR for the group in which LDL cholesterol concentration was higher than 130 mg/dL but lower than 160 mg/dL and the group in which LDL cholesterol concentration was 160 mg/dL or higher were 1.44 (95% CI, 1.06-1.95) and 4.77 (95% CI, 3.47-6.56), respectively, compared to the group in which LDL cholesterol concentration was 130 mg/dL or lower. Furthermore, using logistic regression analysis in which other risk factors were adjusted, the RR for the group of which LDL cholesterol concentration was 160 mg/dL or higher was 1.70 (95% CI, 1.19-2.44). It was recently found that small dense LDL cholesterol is a main factor of atherosclerosis ([@B16]) and is associated with insulin resistance ([@B17]); therefore, it is thought that disorder in lipid metabolism due to insulin resistance plays an important role in the development of atherosclerosis.

Abnormal liver function was significantly associated with development of IRS, after viral hepatitis was excluded ([@B18]). In this study, the RR for the abnormal ALT group was 1.87 (95% CI, 1.45-2.41). Moreover, using logistic regression analysis after adjusting other risk factors, the RR for the abnormal ALT group was 1.70 (95% CI, 1.20-2.41). These results suggest an association between liver disease and IRS, agreeing with the results of a prerious study ([@B18]). Therefore, liver disease was correlated not only with problems of the liver itself but also with IRS, and this aspect points to the reason that nonalcoholic liver disease was selected as one of the components of IRS.

This study had some limitations. First, the workplace-based participants do not represent the general Korean population. Second, it involved a short-term follow-up period, and therefore, a causal relationship related to the development of IRS could not be defined.

The annual incidence of IRS in Korean workers is high; therefore, early diagnosis and early treatment are necessary. It is necessary to develop methods of prevention and therapeutic approach to manage the integrated risk factors.
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Incidence of insulin resistance syndrome related to explanatory variables
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BMI, Body mass index; WHR, waist-to-hip ratio; AST, aspartate transferase; ALT, alanine transferase; γ-GT, gamma-glutamyl transferase.

^\*^Missing value: 17 cases; ^†^missing value: 64 cases; CI, confidence interval.

###### 

Results of multiple logistical regression among initially normal group (n=1,578)
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^\*^Adjusted for age, WHR, Smoking status, ALT, LDL cholesterol.

WHR, waist-to-hip ratio; ALT, alanine transferase; LDL, low-density lipoprotein.
